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INTRODUCTION

The purpose of this study is to ascertain if a particular
type of vegetation cover found in a complex swamp hardwood
forest can be utilised as a diagnostic feature for the pre
diction of the depth of the underlying organic deposit.

If

possible, the vegetation type classification should be adapta
ble to airphoto interpretation mapping methods currently em
ployed by photo analysts of the Maine State Highway Commission.
Funds for this pilot study were provided by the Maine
State Highway Commission in cooperation with the U.S. Bureau
of Public Roads.
A wide variation in engineering soil conditions is en
countered in depressed areas, ranging from soft surficial
peat deposits thirty feet or more in thickness to very firm
gravels and sands.

Airphoto analyses of swampy and boggy

areas are based on the following considerations: (1) the
determination of the general geologic history of the swamp
area and the surrounding terrain, (2) type of landform, i.e.
filled-ln lake, backwater

swamp, kettle hole, etc., (3) size
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and shape of depression^ (4) existing surficial drainageways
in the swamp proper and also in surrounding area (outlets and
inlets), (5) characteristics of the terrain surrounding the
depression, (6) characteristics of the contemporary natural
vegetation in the swamp and in the surrounding areas, and
(7) the determination of the probable botanical history of
the general area (fire, clearing, cuttings).
By using airphoto interpretation techniques for terrain
analyses of proposed new locations and highway relocation
projects, poorly-drained depressional areas are classified
primarily on the anticipated thickness of the surficial peat
deposits or the thickness of soft clay where no organic mantle
occurs.

The following airphoto reconnaissance bog and swamp

classification was devised and is currently being employed:
(1) shallow peat, 0-5"; (2) medium peat, 5-15'; (3) deep peat,
15* plus; (4) shallow soft clay, 0-5'; (5) medium soft clay,
5-15"; (6) deep soft clay, 15* plug.

Little or no information

on actual ground conditions is available to the photo inter
preter and therefore swamps are classified strictly on the
basis of features recognized on the photo by the interpreter
and nis evaluation of these features.

For preliminary align

ment studies, very few field checks are made and in some
cases, time or other considerations does not permit any field
investigation.

Of course, in more advanced phases of planning

several possible lines are checked in detail by field crews.
Of the various types of complex bog and swamp environ
ments the most difficult to interpret are those containing
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hardwood forests, especially those which have been disturbed
by man.

The objectives of this pilot study are to formulate

adequate procedures and approaches to the problem and to de
termine the significance of swamp hardwood forests with res
pects to relative peat depths.

Because of limited funds

available for this study, a single local area readily accessi
ble by car from the University of Maine was selected.

REVIEW OF LITERATURE

The Timber Inventory of Maine (4)* indicates that Red
Maple forests occupy 200,000 acres and Ash-Elm-Maple stands
occur on approximately 300,000 acres.

In other words, about

two and one half percent of the total area of the State sup
ports swamp hardwood forests.

In the above reference, no

mention was made of the extent of meadows or abandoned meadows,
however

it is estimated that several hundred thousand acres

of abandoned meadows, which were once occupied by swamp hard
woods, are found in the State.

Thus, the vegetation types

examined in this study are representative of four or five
percent of the area of the State of Maine.
A limited review of published literature revealed that
no swamp ecology studies have been made in Maine in which
the relationship of vegetation type and the depth of peat is
discussed.

Considerable work has been conducted in recent

years by wildlife specialists (6) in their "wetland" studies,
^Numbers in parentheses indicate literature cited; see the
Bibliography.
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however their interests do not include subsurface conditions.
An excellent paper by Aldrich (1) on bogs and swamps in
northern Ohio contains a detailed discussion on the biotic
succession in a number of swamp and bog types found in dis
tinct climatic areas within that state.

Aldrich cites work

by Sears (11), Sampson (10) and Nichols (7) which support
his observations on the development of swamp hardwood forests
as a physiographic climax (the ultimate vegetation type for
a given site) and also the importance of various influences
such as climate, disturbances and other factors on the suc
cessions! development of both swamp hardwood and bog soft
wood forest types.

Again, however, very little attention

was given to subsurface conditions.
Reference to agricultural utilization of swamp lands
was found in a number of publications.

In Wisconsin, which

is similar to Maine from the standpoint of climate and
glacial history, Curtis (2) reported the meadows were mowed
regularly for many years.

Day (3), who has made extensive

studies of Maine history, states that the townsite of Maehias
was selected because of the abundance of salt water marshes.
As the settlers moved inland along the major streams it is
reasonable to assume that lands containing meadows were con
sidered choice property.

Poorly drained areas supporting

rather sparse swamp forests which could be cleared fairly
easily and converted into meadows were probably also viewed
as select lands.

In western Maine, York (12) reports that

meadows were in demand during the last century.

Nutting (8)
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states that meadowland was valued at $100 an acre many years
ago and,that it was common practice to clear Red Maple stands
in swampy areas to create new meadows, resulting in an in
crease in land valuation.
With the advent of farm mechanization the market for
hay decreased sharply.

Evidently marsh grass was commonly
<
used as packing material until 1920, after which time other
materials ware generally used.

Because of the sharply cur

tailed demand for feed, bedding and packing materials ob
tained from meadowlands and the resultant drop in land values,
many meadows were abandoned between 1920 and 1940.

LAND USE HISTORY

On viewing the photos it was quite evident that portions
of the swamps were cleared at one time and that the existing
cover often represented a successional phase, l.e. a temporary
cover type (like alder brush) which, in a period of a century
or so, would probably revert to a forest type which originally
occurred on the site.

In many instances, very distinct changes

in vegetation occurred along straight lines or in regular
rectangles which obviously represented previously cleared
areas or property lines.

In other cases, natural dralnageways

occurring in the swamp proper formed boundaries of contempo
raneous wooded and non-wooded areas.
To verify these suppositions, several days were spent
interviewing local inhabitants in an effort to ascertain the
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land use history of the study areas.

Several local farmers

(9) and the historian of the Town of Newburgh (5) were of
special assistance in furnishing historical information per
taining to the study areas.
In the general vicinity of the study areas in Newburgh,
farms were cleared about 1807=
for crops and pastureland.

Better land was first cleared

Extensive red maple forests found

in poorly drained swamps were probably utilized for firewood,
because this species is excellent for fuelwood.

The swamps

cleared of forest cover were converted into meadows.

Of

course, existing meadows formed in beaver flowages were
utilized when possible.

The meadows were regularly mowed,

usually in August when the ground was firm enough to support
horses and haying equipment.

If for some reason the meadow

was not regularly mowed it was burned every two or three years
to keep brush from encroaching.
Most of the non-forested portions in the study areas
ware mowed until 1923, at which time the price of packing
material, for which the meadows were exploited, drastically
dropped.

With the exception of an old meadow in Area B which

was last mowed in 1940, most of the meadows were abandoned in

192$..

SELECTION OF STUDY AREAS

Swamp forests in the vicinity of Hermon Pond and Hammond
Pond, located about ten to fifteen miles southwest of Bangor,
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were selected for this study for the following reasons:
(1) a variety of readily accessible, complex hardwood swamps
contained in a relatively small area located within commuting
distance to the University of Maine, (2) the existence of
detailed subsurface information available in reports prepared
by the Maine State Highway Commission Soils Laboratory,

(3)

diverse terrain surrounding the swamps included fine-grained
soils, granular materials, glacial till and bedrock, (4) a
variety of swamp sizes, and ($) different surficial drainage
conditions.
All of the study areas are located in an irregular-shaped
glacial basin which originally was a lake with an area of
approximately 16.5 square miles.

Seven remnants of the

original lake total about 1.5 square miles and the remaining
portion of 15 square miles was converted into swamps and bogs
by the processes of sedimentation and vegetation invasion.
Seven portions of this large swamp complex were selected for
this study.
Following are brief descriptions of the seven study
areas shown on the maps contained in the appendix:
Area A .

An extensive swamp containing approximately 370

acres located between Hammond and George Pond.

The Souadabs-

eook Stream bisects the southern portion of the swamp and a
small, indistinct, drainageway connects George Pond and
Souadabscook Stream.

The surrounding terrain consists of

gently rolling clayey till hills and a small section of
clayey silt lacustrine soils abutting the western portion of
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the swamp.

Portions of this swamp, now supporting a very

dense sweet gale-meadow sweet vegetation cover, were utilized
as meadowland, which was abandoned about forty years ago.

In

normal or fairly dry years the water table falls below the
ground surface during the later part of summer.
vary from zero to approximately thirty feet.

Peat depths

Vegetation

cover includes a variety of red maple stands, willow-alder
brush and extensive low brush growth.
Area B .

A relatively small swamp of about 80 acres located

on the north side of Hammond Pond.

The Souadabscook, flowing

from the north, crosses the center of the swamp and empties
into Hammond Pond.

The swamp is bounded by rolling, till-

covered hills to the northwest, an undulating clayey silt
field to the northeast and Hammond Pond to the south.

Portions

of the swamp now supporting a fairly dense grass mat with
scattered clumps of willow were regularly mowed meadowlands
until 1940.
Area C .

Peat depths are generally lass than ten feet.

A 190 acre area including the southern half of the

swamp bordering the southeast section of Hermon Pond.

Soua

dabscook Stream, which flows from Hermon Pond in a southerly
direction, splits the swamp.

The portion east of the stream

is practically all covered with a dense red maple forest.
The section west of the stream contains a large non-wooded
area which at one time was utilized as meadowland.

The west

side of the swamp is bounded by a granular esker ridge.

Gently

rolling till hills form the swamp boundary to the north and
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east and a clayey silt lacustrine plain is located on the
southwest side.

Depth of peat in the swamp proper varies

from one to eighteen feat.
Area D .

A kettle hole of 30 acres in extent adjacent to the

northwest corner of Swamp C.

Low sand and gravel ridges form

the south and north sides of the swamp and a low till hill Is
located on the west edge of the depressed area.
boundary is formed by Hammond Pond.

The eastern

The central portion of

this area supports a heath growth, so this area is, technically,
a bog.

No drainageways are present in the central portion of

the bog, however a well defined low area in the form of a
ring about fifty feet from the bog°s edge encircles all but
the east side (at the lake).

Depth of peat at the center of

the bog is twenty-six feet.
Area E .

A densely wooded kettle hole surrounded by low

granular ridges to the east and north and moderately steep
till hills to the south and west.

A sixty to seventy foot

tall forest of white pine, white spruce and scattered hard
woods was drowned in a period of two or three years when the
only outlet was blocked in the process of developing a gravel
pit in an adjacent esker.

In late June water was about two

feet deep throughout the depressed area.

This softwood bog

of approximately 25 acres was included because of Its prox
imity to hardwood swamps in the general area.
of peat encountered was twenty-two feet.

Maximum depth
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Area F .

A 230 acre swamp located on the east and south

aides of Ben Annis Pond.

Vegetation cover includes swamp

hardwoods with scattered softwoods, high brush and sedgegrass growth.

Areas on the west side of a grown-over brook

which bisects the swamp were cleared and regularly mowed
until 1922.

The abandoned sedge and grass meadows were

invaded by woody plants, principally alder, willow and a
variety of low bush species.
feet was

Peat thickness up to thirty

encountered adjacent to Ben Annis Pond.

The east

side of the swamp is formed by a steep boulder till hill.
The west side is bounded by gently rolling terrain composed
of clayey till, clayey silt soils and local shale outcrops.
Area G .

A 64 acre swamp located on the north side of North

County Road, about a mile east of North Newburgh.

A small

island, about 500 feet long and 100 feet wide, is situated
in the southern portion of the study area.
ranges from a foot to over thirty feet.

Peat thickness

The northern portion

of the area, which contains very deep peat deposits, is
covered by a dense red maple stand.

Alder and willow brush

with scattered tamarack, fir and cedar are found in the
southern portion of the study area where the surficial peat
deposit is generally less than five feet thick.

The southern

portion, now covered by brush, supported a swamp hardwood
forest until 1930.

At that time a corduroy road traversing

the swamp just south of the study area was reconstructed.
In the process of rebuilding the road, the drainage was

11
altered and water accumulated on the north side of the road
caused the drowning of the tree species and resulted in the
invasion of brush growth presently occupying the site.

The

surrounding gently rolling terrain is composed of clayey silt,
boulder till and some shale outcrops.

One fairly distinct

drainageway bisects the swamp.

FIELD INVESTIGATION

Prior to the actual field investigation, a detailed air
photo study was made of the seven swampy areas described in
the previous pages.

All of the apparent vegetation types,

including variations in height and stand density, were
delineated on panchromatic airphotos taken in the spring of
1958, at a scale of 1:12,000 or 1" * 1,000'.
Sampling points were tnen indicated on the photos.
Both line transect and selective point sampling methods were
used.

The locations of the sampling points were based on

anticipated variations of subsurface conditions based oh the
complex, interlocking natural influences listed in the Intro
duction.

When feasible, the sampling spots were located at

points where subsurface information was obtained by the Maine
State Highway Commission Soils Laboratory in field investi
gations made in connection with the proposed location of the
Interstate Highway System.
Approximately twenty man days were spent in the field
examining the seven areas.

Data collected included the

following: (1) height, diameter and density of species
present, (2) description of hummocks, (3) depth of surface
water, if present, or depth to water table, (4) evidence of
surficial water movement, (5) depth of peat (if such in
formation was not available in Soils Lab reports), (6) pH
(acidity) of surface water and peat at various depths, and
(7) evidence of disturbance (fire, logging, clearing, beaver,
etc*).

In the relatively short period of time allotted to

field investigation, data were obtained at 121 sampling
points.

EVALUATION

A planimetric map having an approximate scale of
1:12,000 was prepared of the Newburgh-Hermon Pond vicinity,
showing each of the seven study areas as well as associated
lakes and major drainageways.

Each of the 121 sampling

points is located on a map showing peat thickness, in five
foot contour intervals, in areas where sufficient subsur
face information was available (see Appendix B).
A vegetation type map is presented in Appendix C.

Cover

types include the following: (a) Hardwoods, either pure
stands of red maple or mixed with some black ash and scattered
softwood species, (b) Softwoods, found only in Area E, (c)
High Brush, mostly willow and alder, 10-20 feet high, (d)
Low Brush, principally meadow sweet and sweet gale 2-6 feet
high, (a) Grass-Sedge, with scattered clumps of brush and
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(f) Heath, low woody plants 2-3 feet high with sphagnum moss^
found only in Area D.

Annotated airphotos illustrating the

various cover types are presented in Appendix A.
As mentioned previously, Areas D and E are bogs situated
in deep kettle holes associated with an esker system located
in the center of the general study area.

These bogs, both

of which contain over twenty feet of peat, are not germane
to this study on swamp hardwoods but are included as a
matter of interest because of their proximity to the other
five swamps included in this pilot investigation.

In the

discussion that follows, the cover types of "Softwood" and
"Heath", found only in Areas E and D respectively, are
ignored because they are not directly associated with Hard
wood Swamps, the main tname of this paper.
On comparing the cover type and peat maps it was evident
that no significant relationship exists between the thickness
of tne organic mantle and any of the four broad vegetation
categories associated with the Swamp Hardwood Complex.

A

range of peat depths from zero to more than twenty-five feat
was encountered at each of the four cover types.

Thus, as a

single feature, tne existing vegetation type cannot be em
ployed as a basis for predicting peat depths.
As was indicated previously, the writers were cognizant
of the fact that the areas now occupied by non-forest cover
types were probably covered with fairly dense red maple
stands prior to the Influx of settlers shortly after the turn
of the

19Mt century.

Judging from information obtained from

14

local inhabitants it was apparent that the contemporaneous
non-forested areas were cleared and developed into meadowlands which were mowed regularly for a period of fifty to
one hundred years.
Between 1920 and 1940 all of the meadows were abandoned
and woody plants invaded the grassland.

In this relatively

short time the meadows were changed into one of three fairly
distinct broad vegetation cover types;

(A) High Brush, com

posed of willow and alder, 10 to 20 feet high, in varying
proportions from pure willow to pure alder, (B) Low Brush,
mixtures of meadow sweet and sweet gale, 2 to 6 feet high,
with a scattering of other woody and non-woody plants, and
(C) a combination of A and B.

At locations adjacent to

existing rad maple stands^ small saplings of that species
were established.

This suggests, then, that in a period of

one or two centuries that the present-day non-forested
portions of the study areas will probably revert to red maple
forests similar to those seen by the first settlers in 1807.
A total of thirty soil acidity determinations were made
in the seven study areas.

In the two bogs, Areas D and E,

the pH ranged from 4.2 to 4.5.

In the Swamp Hardwood swamps

and associated brush cover types the pH varied from 4.5 to
5.0, a relatively narrow range which is not considered sig
nificant as a factor affecting plant distribution.
The density of swamp hardwood forests, a feature readily
recognizable on airphotos, appears to be a function of size
and areal distribution of hummocks.

The hummocks, which
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range from one foot to over thirty feet in diameter, are a
few inches to two feet above the general swamp level.

During

the break-up period and other wet seasons, the shallow swales
surrounding the hummocks are filled with water.

These small

"Islands" provide a very local, fairly well drained site
which can support from one to ten trees, depending on the
size of the hummock.

Only rarely are trees established in

the poorly drained swales.

With the exception of a narrow

levee forming the banks of the Souadabscook Stream it should
be noted that red maple stands occurred only in areas having
hummocks.'

At least in the areas examined, hummocks were

found only at sites having a surficial layer of peat., which
varied in thickness from two to twenty-three feet.

With

respect to the relative thickness of the organic mantle,
variations in the height and diameter of the hummocks do not
appear to be significant.
The occurrence of larger streams, such as the Souadabscook, does not appear to be significant with respect to the
depth of the peat mantle.

The deepest peat deposits in

Areas A and F are centered on small drainageways (see Figure 1),
however this Is probably coincidence because the drainageways
are located near the middle of the swamp.

Peat thickness

in portions of swamps adjacent to lakes varied from a foot
to over thirty feet.
CONCLUSIONS
The following observations apply only to the local areas
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studied and may not be applicable to swamps in other portions
of the State.
1.

Swamp hardwood forests as a single feature cannot

be used for predicting depth of peat.
2.

Most of the non-forested portions of the hardwood

swamps investigated were cleared and converted into regularly
mowed meadows.

The meadows, which were abandoned between

1920 and 1940, were invaded by a variety of low and high
brush.

Red maple, the major species of the original swamp

hardwood forest, is being re-established and eventually will
probably occupy areas now covered by brush.
3.

Red maple stands nearly always are found in areas

studded with hummocks which range from a few inches to two
feet in height and up to thirty feet in diameter.

In all

cases hummocks occurred in areas having a surficial organic
mantle, varying from two to twenty-three feet deep.

There

is no definite relationship between the size and form of the
hummocks and thickness of peat.
4.

The distribution of swamp hardwood species does not

appear to be affected by the occurrence of dralnageways.

No

significance is attached to drainageways with respect to the
relative depth of the organic mantle.

RECOMMENDATIONS

On the basis of the findings of this pilot effort, it
is recommended that the study be expanded to include (1) the
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evaluation of various types of mixedwood and softwood bogs,
(2) the determination of subsurface variations of swamp and
bogs with respect to areal distribution in the State, (3) the
determination of the succassional vegetation development in
swamps and bogs which were previously cleared or burned, in
different climatic zones of the State and (4) the deter
mination of the rate of peat deposition, using C-14 pro
cedures.
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Figure 1. A stereogram of a portion of Area A snowing
a variety of cover types found in the swamp proper and
in the surrounding terrain. In this general area, the
swamp hardwood forest is composed of nearly pure red
maple trees with an occasional black ash. Willow and
alders are found in the High Brush type. Meadow sweet
and sweet gale are the principal species in the how
Brush type. All of the non-forested areas in this
swamp were cleared and converted into meadows which
were mowed regularly until 1923* Meadow remnants
found principally adjacent to the stream photograph
very light gray to white. Brush-meadow areas have a
mottled pattern. Standing water surrounding the hum
mocky site photographs black. The black areas visible
beneath the red maple canopy are water-filled swales
between hummocks on which the trees are established.
On referring to Appendix C for peat depths at various
portions of the swamp, it is evident that there is no
significant correlation between depth of peat and
cover type. All photos in Figure 1 to 5 inclusive
were taken in late April before deciduous foliage
was developed.

App, A-l

Figure 2. Stereogram of Area B. The site on the left
side of the stream was a meadow until 1940. Meadow
sweet and sweet gala brush is taking over the area and
in a decade or two most of the meadow vegetation will
be obliterated.

Figure 3. Stereogram of Areas D, B, and a small
portion of C. The heath cover type found in Area D
registers a slightly lighter gray and is smoother in
texture than the Low Brush type. Note the blocked
outlet at Area E which resulted in flooding the area
and drowning of the softwood trees in a period of 2
or 3 years.

App. A-2

Figure 4. Stereogram of a portion of Area F. The
non-forested sites on the right side of the small
drainageway were meadowlands until 1923 at which
time they were abandoned and brush supplanted the
grass cover. Standing water is distinctly visible
on the forest floor beneath the 60° tall red maple
forest. This indicates the presence of hummocks
and, in turn, a surficial organic deposit.

Figure 5. Stereogram of a portion of Area G. The
small "island" which is about three feet above the
surrounding swamp is an extension of the rock ridge
indicated on the photo. The Interstate was located
on the south edge of the island where less than
five feet of peat was encountered. Probings 450°
north of the island revealed more than 3 0 ° of peat.

App. A-3
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